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TopicsTopics
1. LαRXES of Rare-Earth Systems

A powerful tool to detect  hidden  
structures in XAS
(A) Excitation spectrum of RXES for Dy compounds:

(B) LαRXES for Gd:

2.  Cu KαRXES of La2CuO4
An ultra-fine probe for the pre-edge 
structure of Cu 1s XAS

K. Hamalainen et al. (1991)

M.H. Krisch et al. (1995)

A. Shukla et. al. (2005) preprint



Electric quadrupole excitation
Excitation spectrumspectrum
for for LαRXES of 
Dy(NODy(NO3))3

K. Hamalainen et al.
Phys. Rev. Lett. 67, 2850 (1991)
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Theory and Experiment

S. Tanaka, K. Okada and A.Kotani : 
J. Phys.Soc. Jpn.  63, 2780 (1994)

ΓL = 2.1 eV

ΓM = 0.7 eV



Another example for 
LαRXES of Gd

M.H. Krisch et al. 
(1995)

L3 XAS LαRXES



Cu Kα RXES in La2CuO4

Experiment :  A. Shukla et al. 
Theory:  M. Calandra, 

M. Taguchi and Kotani

preprint (cond-mat/0506650)



Cu Kα RXES in La2CuO4

Shukla et al. (2005)
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Kα RXES for σ polarization

Exp. : Shukla et al. 
Theory: Calandra, Taguchi and Kotani
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Theoretical Analysis
ab initio calculation 
by M. Calandra
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EQ and ED exitations
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Single impurity Anderson model 
incorporated with Cu 4p band

Calculation of Cu Kα
RXES in La2CuO4



ED excitation (1s -> 4p)

Calculation of Cu Kα RXES by
single impurity Anderson model

EQ excitation (1s -> 3d)



Kα RXES for σ polarization

Exp. : Shukla et al. 
Theory: Calandra, Taguchi and Kotani



Kα RXES for π polarization



Multi-Cu site cluster 
model calculation

Cu4O12 cluster with periodic boundary condition

Parameter values
Δ=2.5 eV,  Udc = 7 eV, Udd = 8 eV,
(pdσ)=1.5 eV, (ppσ)=0.5 eV

O

Cu



Calculated XAS and 
RXES

RXES
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Lowest states of EQ and 
ED excitations

Core hole    
site

3d hole 
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ConclusionConclusion
(1) KαRXES of transition metal compounds  and 
LαRXES of rare earth compounds can be a ultra-fine 
probe for the pre-edge structures of XAS ---- a new 
frontier of RXES study

(2) Importance of collaborations of theory and 
experiment

(3)  Combination of  ab initio energy band calculation 
and impurity Anderson model ---- a new powerful 
method of theoretical calculations of RXES



CollaboratorsCollaborators

K. Okada, M. Taguchi, A. Shukla, 
M. Calandra, G. Vanko,  and             
S.-W. Cheong
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